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© vveb monitoring apparatus. 

© In order to detect defects such as holes and inclusions in 
the manufacture of a longitudinally-moving web 110), for 
example paper, th ree carner as (22a, b and c) each containing 
a line array (24) of photo-diodes, are imaged transversely 
across respective portions of the web. Each array is repeti- 
tively scanned to sample the photo-diodes in turn. The 
photo-diode video signals are digitised and sequentially 
stored in a random address memory (521 that ts addressed in 
synchronisation with the sampling of the photo-diodes. 
Arithmetic circuitry (56. 58) subtracts the fresh digital value 
from a given diode with the value for that diode from the 
previous scan and signals a defect if the difference exceeds 
set limits. Logic circuitry 160) controlled by the sign of the 
difference signals whether the defect is a hole or inclusion. 
The fresh value rs then entered in the memory to serve as a 
reference for that diode on the next scan. There is also 
described circuitry responsive to hole signals from the 
camera viewing the middle portion of the web to indicate 
when there is no web or an irregular web, and counting and 
indicating circuitry for the holes and inclusions. 
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Title ; Web monitoring apparatus 
FIELD OF THE INVENTION 

This invention relatea to apparatus for detecting defects in 
a lengthwise-moving web of material. 
5 The invention has particular though not exclusive application 

in the manufacture of paper. It may be necessary to monitor the 
web of paper produced by a paper-making machine for defects such as 
holes or inclusions in the web or blemishes on the surface of the web. 
BACKGROUND TO TEE INVENTION 

10 Various proposals have been made to detect holes or inclusions. 

They include opto-mechanical systems such as disclosed in United 
Kingdom specification 1,381,878 in which light is reflected from 
resilient fingers in contact with the web to sense holes. Non- 
contacting systems are preferred and may be realised with the aid 

15 of electro-optical arrangements detecting light transmitted by or 
reflected from the web. For example, an array of photo-detectors 
can be arranged laterally of the web. Such an arrangement is 
disclosed in United Kingdom specification 1,217,642. With a 
non-imaged photo-detector array, the cells have to be mounted close 

20 to the wet which may be inconvenient and attract dirt, and ir. 
practice provision has to be made to exclude unwanted light. 
Such systems are also sensitive to flutter in the web, i.e. in 
the direction perpendicular to its plane, so that the position of 
the web where it is monitored has to be accurately fixed by passinr 

25 it over a special guide roller as in specification 1,217,642 or 
by passing the web between a pair of guide rollers between which 
the array is mounted. This requires additional special provision 
to be made along the path of the web. 

The photo-detector array can be mounted further from the 

30 veb in an imaging system in which the array is made the image 
target of a "camera" such as disclosed in Ur.:ted Kingdom 
specification 1,115,892. In this epecificatic: each photo-detector 
is connected to an 
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analysis circuit through its own amplifier. In practice 
such circuits are difficult to operate in an electrically 
noisy environment. They also require the individual 
amplifiers to be set up and then maintained at a precise 

5 and stable amplification. In addition the illumination 
of the web as a whole and one part relative to another 
if more than one illuminating lamp is used, has to be 
maintained stable. 

Specification 1,217,642 above-mentioned suggests 

10 connecting the photo-detector amplifiers in differential 
pairs or into bridge circuits for noise reduction. 
Nonetheless, the circuitry requires accurate setting up 
and ability to maintain the settings, and the use of 
balanced pairs of photo-detectors requires detection of 

15 bipolar signals without being able to separate the kind 

of defect, hole or inclusion, giving rise to a particular 
signal. 

An alternative optical arrangement to an array of 
photo-detectors physically extending or effectively 

20 imaged across the web is to laterally scan the web with 
a spot of light and monitor the light as reflected/ 
scattered from the web surface. This scanning technique 
can be done with a laser beam scann-ed across the veb 
by use of a rotating multi-faceted mirror drum. The 

25 reflected light is picked up by a photo-detector, 

e.g. a photo-multiplier. The output varies with holes, 
inclusions or other surface blemishes scanned by the 
laser beam. Such laser beam scanning systems are 
disclosed in United Kingdom specifications 1,036,627 

30 and 1,409,653. In this case a single amplifier/detector 
circuit is required for the photo-detector. Precautions 
may still be necessary to exclude unwanted light and 
the system is dependent on the amplitude stability of 
the laser source. In practice the response to the 

35 received light during a scan is non-uniform for a 

uniform web surface due to the fact that both the path 
length to the web and that from the web is continually 
changing during scanning. In scanning a wide web such 
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as In paper making, it may be necessary to use a plurality of 
photo-detectors across the web. Their outputs are combined 
with weighting adjusted to provide a uniform response across the 
web although this is not usually realised. This again 
introduces the need for precise and stable electronic circuitry to 
maintain the desired net response. . 

A disadvantage of the scanning spot system as compared to a 
photo-detector system operative across the whole web is that a 
hole, perhaps of only 1 mm. diameter, may pass the line of scan 
when the spot is elsewhere and thus evade detection. Also of 
course the mirror drum requires to be mechanically driven 
continuously. 

All the techniques outlined above require a stable and 
accurate detection reference to be established while, at the same 
time, accurate response may need to be maintained as between 
individual amplifier circuits and the like. - - 

SUMMARY OF THE INVENTION 

There will be described hereinafter apparatus for detecting 
one or more kinds of defect in a lengthwise-moving web that 
combines both photo-detector array and scanning techniques and 
that is without moving parts and effectively establishes an 
individual reference for each detector which is relatively 
insensitive to variations between individual detectors or a 
variation common to all such as the light source. 

The invention is based on the concept of scanning an array 
of photo-detectors extending, preferably by imaging, across the 
width of the web, storing the individual light values, as 
represented by the separate outputs of the detectors, obtained in 
one scan for use as a reference in the succeeding scan. In 
practice this scan-by-scan comparison is achieved using digital 
techniques allowing fast scanning of the array. Past scanning 
itself reduces the possibility of missing a defect. Additionally, 
by employing photo-detectors that respond with an integrating 
action to the light received over the scan interval, the 
possibility of missing a 
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defect is reduced still further. 

More generally stated, the present invention provides in a 
machine in vhieh a web is moved lengthwise along a predetermined 
path, apparatus for monitoring at least a portion of the web for 
5 defects comprising: 

a structure including an array of photo-detector devices 
responsive to the optical condition of the web at a zone along said 
path said devices being arranged for monitoring successive areas of 
the web extending transversely of the path; 
10 a circuit into which said photo-detector devices are connected 

to develop a respective electrical signal representing the optical 
condition sensed by each photo-detector, said circuit including first 
means responsive to said signals to repetitively provide a sequence 
of corresponding signals in digital form; 
15 a memory device having a plurality of storage locations 

capable of storing a sequence of digital signals derived from the 
photo-detectors; ... 

comparison means coupled to said first means and to said 
memory device for comparing the digital signal derived from each 
20 photo-detector in one sequence with the signal derived from the same 
photo-detector in a previous sequence stored in the memory device and 
for indicating if the difference between the signals exceeds a 
prescribed limit; and 

control means coupled to the first means and the memory device 
25 for synchronizing the operation thereof to ensure digital signals 
relating to the same photo-detector are applied to the comparison 
means. 

In this apparatus the first means preferably includes a 
Bcanninf device coupled to the photo-detectors to produce the 

30 abovementioned sequence of digital signals derived from theBe 

detectors. In the embodiment to be described the direct outputs 
from the photo^detectors are analogue signals and an analogue-to^ 
digital converter (LDC) is used tP generate the digital signals. 
Moreover the memory device is preferably an addressable device, 

35 such as a random access memory (RAM) and the control means acts to 
address the memory device in synchronism with the operation of the 
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Bcanning device. It is convenient to allocate a respective 
.memory location, and address, to each photo-detector and sample the 
photo-detectors and address the memory locations in the same 
sequence for every scan. 
5 The addressable memory device may "be used as follows. The 

control means includes means for selectively coupling the first 
means to the memory device for transferring successive digital 
signals into memory storage locations and second coupling means 
for selectively coupling the memory means to a first input of the 

10 comparison means. The latter has a second input that is connected 
to receive the current digital signal from the first means. me 
control means is operative to actuate the second coupling means to 
allow the current digital signal for a given photo-detector to be 
compared with its predecessor stored in the addressed storage 

15 location of* the memory device, and to then actuate the first coupling 
means to transfer this current digital signal into the addressed 
storage location to replace the signal with which it was compared. 
In this way each photo-detector provides its own reference which 
enables the apparatus to adjust scan by Bean to variations common 

20 to all the photo-detectors or affecting only some of then. 

For purposes to be more fully described below in meeting the 
requirements of a paper-making machine to ensure the proper 
detection and handling of defect-indicative signals emerging from 
the comparison means, there may be provided means responsive to 

25 an indication given by the comparison means to inhibit transfer 
into the addressed storage location of the afore-mentioned current 
digital signal. In this case, there may be provided a timer 
responsive to the indication given by the comparison means to 
provide a signal after a predetermined interval for ensuring all 

30 the storage locations of the memory device are then up-dated with 
the current digital signals derived from the photo-detectors. 

To obtain continued monitoring of the web condition between 
samples of each photo-detector, there is preferably a respective 
integration arrangement associated with each detector. me 

35 above-mentioned Bcanning device may be used to set each such 

arrangement to a predetermined state on each scan and to obtain, 
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prior to that state being achieved, a signal representing the 
integrated response of the associated photo-detector since the 
previous re-setting. To this end each photo-detector may comprise 
a photo-diode and associated capacitance, which may he essentially 
5 the self-capacitance of the diode, this capacitance constituting 
the integration element of the associated integration arrangement 
whereby the capacitor charge is a function of the integrated 
conductance of the photo-diode* l"ach integration arrangement also 
includes a switch device controlled by the scanning device to 

10 charge the capacitance to a predetermined voltage upon re-setting 
the integration arrangement. The signal representing the optical 
condition sensed by each photo-diode may then be developed from 
the re— charge cuxrent to the capacitance upon such re— setting. 

The comparison means used in the apparatus of the invention 

15 may be implemented with two digital arithmetic units, a first of 
which compares the current and a preceding digital value from a 
photo-detector to provide a digital output signal representing the 
difference between the values and a second of which is responsive 
to the digital output signal and to a preset digital value to 

20 provide a signal indicative of the difference exceeding the preset 
value. In addition logic means is provided responsive to the 
sign-indicative signal from the first arithmetic unit and to that 
from the second arithmetic unit to provide a defective-indicative 
signal when the difference between the two values exceeds the 

25 prescribed limit in at least one sense, i.e. either excessively 
high or low light level on the photo-detector, as set by the 
preset digital value. In the apparatus to be described the logic 
means is operable to provide one or other of two separate defect- 
indicative signals to indicate a hole or an inclusion in a paper web. 

30 The apparatus to be described bIbo comprises an arrangement 

for giving an indication on no web or an irregular web.* To this 
end there is provided a comparator that is responsive to the series 
of respective electrical signals derived from the photo-detectors, 
i.e. analogue signals, or to the corresponding digital signals to 

35 provide an output signal for each such signal that exceeds a reference 
level or reference digital value, a gate controlled by the comparator 
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output signal for transmitting clock pulses from the aforementioned 
control means whenever a signal of the series exceeds the reference 
level or value, a counter connected to the output of the gate 
to count clock pulses transmitted by the gate; and a timer circuit 
controlling the operation of the counter, the timer being triggered 
by the comparator output signal to enable the counter to count 
clock pulses for a preselected period. If the count value exceeds 
a predetermined value, a signal is provided that is used to 
indicate that no web is present. 

In order that the invention and its practice may be better 

understood, an embodiment of it will now be described with reference 

to the accompanying drawings. 

BRIEF DESCRIPTION OF THE BRAVTURS 

Figures 1 and 2 show in diagrammatic form the manner of 

installation of apparatus embodying the invention to monitor the 

web in a paper-making machine, Figures 1 and 2 being taken 

respectively transversely of and longitudinally along the web; 

Figure 3 is a simplified block circuit diagram of circuitry 

for developing a video signal from a camera shown in Figures 1 and 

2, each camera having such circuitry associated therewith: 

Figures 4A and 4B together show in block diagram form a 

circuit, for one^camera, for processing the video signal to provide 

defect-indicative signals; and 

Figure 5 compressing Figures 5* and 5B shows in block diagram 

a circuit (Figure 5*) for detecting the absence of a web and circuitry 

(Figure 5B)for analysing the defect-indicative signals generated by the 

respective camera circuits according to Figure 4. 

DESCRIPTION OF THE PREFERRED EMBOT)TMCTJT 

The embodiment of the apparatus to be described is intended 

for use with a paper-making machine. The following functions are 

provided: 

(1) signalling of any hole detected. In practice detection 
of holes of 0.5 mm. diameter or greater is aimed at; 

(2) signalling of inclusions exceeding a predetermined 
number per unit area (inclusion rate): this function may include 
monitoring for inclusion rate in respect of inclusions exceeding 
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a given size; or 

(3) signalling the presence of a surface blemish such as 
residual slime remaining in the web by treating the blemish as an 
inclusion exceeding a given size. 
5 The general layout of the apparatus is shown in Figures 1 and 

2. A web 10 is shown moving lengthwise in a horizontal plane, 
as indicated lay the arrow in Figure 2, upon exiting a papers-making 
machine and prior to entering the wind-up roll. The paper is 
inspected at this point for holes or other defects, To this end, 

10 an electro-optical scanning arrangement 20 is located above the 
web and as best Been in Figure 1 it comprises three cameras 22a, 
22b and 2i2c- f each comprising a scanning photo-diode array 24 and 
a lens 26 by which the array is imaged across a little over one 
third the Tna viTTrmn width of web for which the apparatus is designed. 

15 In some cases a single camera might be sufficient. The number 
of cameras used depends on the maxi web width to be monitored, 
the resolution required and the number of photo-diodes available 
in a single array. 

The lens 26 used in each camera is a 28 mm. focal length, 

20 wide 
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angle lens. The cameras are supported from a gantry 28 extending 
across the web .perpendicular to its direction of movement. They 
can be well spaced from the web which is of advantage in avoiding 
pick up of dirt or other particles and need no retraction mechanism 
to withdraw them from the web path in feed up of the paper through 
the machine. The lens employed has a good depth of focus which 
renders the cameras relatively insensitive to flutter in the web 
and avoids the need to insert special guide rollers to locate the 
web accurately in the wanted horizontal plane. The use of a 
lens-based optical system also has advantage in maintaining a good 
signal-to-noise ratio as the inverse square relationship of intensity 
to distance does not apply. 

The underside of the web is illuminated by a strip-light 30 
extending across the whole width of the web to accomtSc^lhTwidest 
width of web to be monitored. The strip-light, which may comprise 
^Jhanjon^Jube^is of the continuous filament type extenlSTthe 
length of the tube. The illumination across the web should be 
as uniform as possible, though this is not unduly critical. The 
strip light 30 may be located in a trough 31 having its mouth open 
toward the web and is energised by a D.C. power supply unit 3 2 which 
avoads an A.C. ripple component in the output of the photo-diode 
arrays. The strip light can be placed wellbelow the web path 
again avoiding the need for a retraction "m^ism for £ P e7feed-u P . 
Shades 34 are placed over the ends of the strip light nof covered ' 
by the web to prevent light from reaching the cameras directly. 
The shades are placed to slightly overlap with edge margins of the 
web as is seen in Figure 1. This measure avoids spurious signalling 
at the edge of the web which may have irregularities. 

By locating strip light 3 0 on the opposite side of the web 
to the cameras holes are detected by the higher light level 
transmitted thereby. inclusions may also be detected in some papers, 
such as tracing papers, where 
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inclusions will locally reduce A 

* the Ught transmit tance. in mn-~> 

»lde of ana extenain* ^ ^ ^ ^ «. 

veb ana the acatterea lls h t iB looall)r ^ 

,„ In the enbodiMnt llluetratea, each or the camera, 

10 ueea a photo-dioae arrav onb, j,«.v . «™eraB 

„,,.. „ ° ° nt0 vluo1 ' WWirtflj one-third or the 

veb ie ^a V the reapective !ene. ^ „ 

aaahea zmea In Hgare „ WmM , ^ rf ^ 

«ath of one daoa. ^a onto the web. tte photo-aiooe array 

prov^ an i,,„tantaneo». output eisna a aependent on the l le h, 

^T 8 ;" «" ™ »*» an array in which each diode 

0»net on a^charsee the eeif-capacitanc. of the diode at a rate 
dependent on the impinsinr lieSlt _,. 

20 action with reepect t7^f ■ " ' " tote ^^ 

™ reepect to the impinging light which ie of particular 

»*» in the practice of the preeent invention. ^ Lj£ 

matrix laTZa ^ , »*Plied by Integrated H>oto- 

25 .Wtea Kingdom. Each camera containe a aevice type «, 72 « 

^ "TL" 11,18 ^ ° f M6 — ahont 

with the transverse axis of the veb. 

50 • + , ,./ leUre 5 illUBtrateB *» »o* diagram form circuitry 

50 associated with the scanning of the array and processing 
of signals from the array. The circuitry will only be 
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described War as its operation is specifically relev ant 
to an understanding of the operation of the apparatus of the 
invention. Further detail literature is available from 
Integrated Photomatrix Ltd. 

In Figure 3 the array device is indicated as block 40. 
Device 40 includes its own 2 5 6-stag e shift register 4 2 for 
sequentially scanning the photo-diodes D two of which, 3> and 
3^. -™ shown at positions n and (n 4 1) in the array." 
A two-phase clock signal and a scan start pulse are applied to 
the shift register A 2 on lines 43*. 43b and 45 c respectively fro, 
an array driver unit 44 which is available with relevant data 
under the type No. PCM 74 froxa Integrated Photomatrix ltd. 
•The array driver is timed by signals on line 45 derived from a 

master clock shown in Figure 4A The 0 „ a „ , 

. _ ^ me Bcan Pulse is propagated 

through the shift lister at a rate detained by the clock 
pulses. The use of a two-phase clock is a requirement of- the 
device specified and need not be discussed further here. a*, 
shaft register also produces an "end of scan" signal that is not 
-ed here. The start and end of scan signals enable the diode 
arrays of the three cameras to be scanned as one continuous 
array of 7 66 diodes, if desired. In the circuitry to be 
described each camera array is scanned separately, although the 
scan rates are the same, and the signal analysis for each array 
is performed independently, the scan pulses being used in 
synchronizing the scanning: to the analysis. 

The device 4 0 has an output 43d from which a sequence 
of sampling signals is obtained as the photo-diode array is 
scanned. This output is connected to a processor unit 4 6 
which converts the charge signals from the array into voltage 
signals, called video, suitable for further analysis. The input 
circuit of processor unit 46 includes, in a much simplified 
representation, a sampling resistor B through which the output 
1*» 43d is connected to a voltage source (-7) of a polarity 
to reverse bias the photo-diodes D 
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via line 434. proceaaor circuit may be the unit type KM 75 

available from Integrated ^ Ltd . The array is operated 
in what ie ta. as the recharge sampling mode which is particularly 
suitable for the practice of the present invention. 
5 It is seen that each photo-diode L is connected tc the output 

line 43d vxa a MOSFET transistor I (also called transfer gate) 
whose gate electrode is connected to a respective stage of shift 
_ raster 42. Each photo-diode has an internal capacitance C 

which is shown .as a separate capacitor in parallel with the diode 
10 The diode conductance is a function of the light intensity 

impinging on the diode and serves to discharge the capacitor C 
when the associated transistor I i B off. 

As the diode array is scanned by shifting an applied scan 
pulse through the register at a rate determined by clock pulses, 
15 the scan pulse propagating through the shift register stages 
turns on the transistors T in succession thereby successively 
resetting the diodes to a predetermined state by charging each 
diode capacitance C to the bias voltage -V via sample resistor R. 
Buri^g the interval before the next scan pulse is applied to a given 
transistor T, the associated diode capacitance is discharged through 
the diode in accord with the light intensity falling on the diode. 
The diode and capacitor thus perform an integrating function on 
the laght impinging on the diode over the scan interval. Thus 
all light changes during the interval are effective to influence 
25 the diode capacitance discharge. 3y making the scan rate 

sufficiently fast it can be ensured that all holes and inclusions " 
of say 0.5 mm. or more imaged onto a given diode occupy a 
sufficient proportion of the scan interval to significantly 
influence the residual charge of the diode at the end of the 
30 scan interval. A hole will increase the light falling on the 
dxode and its conductance to more rapidly discharge the diode 
capacitance C: an inclusion will have the opposite effect. 
When the next scan pulse is applied to a transistor T a current 
pulse is supplied through resistor B 

35 
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that has a magnitude represents the charge lost by the 

as the array is banned a series of current pulses occur 
in resistor B and the corresponding resi8tor voltage8 „ 

5 processed in unit 4a which inei„a„ v 

«, , deludes a boxcar output stage so that 

the scanned output is a series n f wl4 - 

4 , ° f Volt ««« steps on line 48, the 

amplitude of each of which i« a „ 

wnxen xs a measure of the charge lost bv +»,« 
associated diode capacitance in the preceding scan LlZ^ ' 
The above described mode of operation is particularly 
10 suitable for the present purposes in th*+ ^ iCUlarly 
^ . . a . . ±»"*poses in that high scan rates may 

be achieved and in combination with ±h * 

- x • , Vltb 1316 specific processor unit 

mentioned a high linea-ri-Kr r umt 

, . ^ 18 achi evable between the output 

voltage and the light intenai -Hr . 

em intensity impinging on any diode. 

Each of the three cameras 99= 1, 
, cameras 22a, h and c has the circuitrv 

15 of Figure 3 thus far described v-n* • circuitry 

described bolt in so as to produce a 
separate video output. However 

< 0 ,. „ aowever. the common master clock source 

applied to all cameras for fl.-ri, +- • - 

_p . , f ° r deriv ation of the individual arrav 

scan and clock P ul 8es « to tiffl6 ^ ^ 

circuit one for each camera video output a,d the bloL ^ 
20 of which ie shown in Figures 4A and B. 

The video signal is a B erie B of n«+ + 
v 8 01 flat top samples due to 

he boxcar action in processor « ^ each ^ ^ ° 

^ measured value until supply ^ ^ Bafflple . ^ £ 
25 about 6 97 scans/second with a diode sampling period of < 6 / 

has to be performed within the sampling period. 

Eeferring to P igure 4A, the video signal is applied to an 
analog-to-digital converter (am) so r«. , 
50 ADC 1109 made by Analo* a. • ^ * ^ 

to m , ^ 8 VhlGh ConvertB e ^ analogue step 

to an equivalent 8-bit digital Va i„» ™_ P 

lgatal value. The ADC output is takpn 
on the one hand to the input/output (l/ 0 ) port of 
52 through a buff er Btage ' JZ 1 + ! ^ ^ 

W (a) of „ ^<J?™ 0n *• ° ther h ^ d t0 « 



input (a) of an arithmetic and logic 
35 
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unit (ALU) 56, The omit 56 has a second input (b) connected 
to the I/O port of memory device 52 through a buffer stage 55, 
The unit 56 is operative to compare the sequence of digitized 
values from one scan with the corresponding values In the sequence 
5 of the previous scan in a manner to be described. 

The output of the arithmetic unit 56 is connected 
to one input (a) of a second, similar, unit 58 whose second input 
(b) is connected to a device 59 $ such as mechanically settable 
thumbwheel switches, for setting in limits with respect to which 

10 "the unit 5B operates to decide whether the results of comparisons 
at the output of unit 56 represents acceptable or marred paper. 
The units 56 and 58 operate in conjunction with the decision logic 
60 which indicates whether a defect is a hole or inclusion. 
This is described below. 

15 The operating sequence of the circuit of Figure 4 is 

controlled by a timing circuit 70 which itself is timed to the 
already-mentioned master clock indicated as 71 > e.g. running at 
10MHz. The timing circuit includes control signal generating 
means 72 which supplies timed signals to the ADC to start each 

20 analog-to-digital conversion and to the buffer stages 54 and 55 
to transfer data into and out of the memory device 52. The 
buffer Btages are of the three-state type for this purpose. It 
alBo supplies a write/read signal to the memory on line 74* 
The memory device comprises a 256-byte random access memoxy 

25 (HAM), each byte comprising 8-bitB. Thus there iB a respective 
address in the memory for each photo-diode of the associated camera 
array. These addresses are sequentially accessed in synchronism 
with the scanning of the array tjy means of 8-bit addresses supplied 
over address line 77 from a clocked address generator 78, e.g. 

30 an 8-bit binary counter, that iB clocked at the Bame rate as the 
photo-diode array. To synchronize the memory address scan 
with that of the array the address generator is re-set by each 
scan pulse applied to the array (Figure 3)» Ehe 
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correct sequence of timing signals fm» • 

nh* 3 4«.j r signals from circuit 70 is 

obtain,, for e^pl. bv Qecodl of ° " 

Wv colter ana with the aid of shtft T ' Ut * * 
techniques are veil understood in the art. The rented 
sequence of limine signals vin >. required 

• * signals »ili become clear from ths 

following description. ' 

step appears in the video signal at the """^""^ 
^Htude. A timin, pnl se is^d^n-oTi^ 

72a to convert this amplitude t« a , 

j - . _ . «^pjituae to a corresponding 8-bir 

digital signal that is applied to the a 

unit 56. At the san,, T ~ lnPUt ° f "ittaetic 

tne saine time the address a^nri^.j • ^ 

that photo-diode is applied to the ll Vlth 

the read signal level on u * * ith 

gnai level on l lne 74. The buffer staee ^ 
is enabled fbuffer <u i e • w- sxage 55 

value at J select d ^ ^IL^ «» 

arithmetic -nit. After , 1 , ~ " 

-ster clock the buffer SS s , k"" ^ 

U enabled vhile at th L .V V ^ """" " 

- r ™ -rir i 

V the current value ^ JTh".'" "V"" 

to provide an up-dated .t^^.- 
comparison value on the ne*t scan. 

-its 56 Z the arithmetic 

units ;>o and 58 are onpraKu 

This ls done by the procedure: ~" 

- A = a " * - (a + b) + 1 

where b is the binary complement of b. * 
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The summation generates a carry bit at a carry 
output c if a> b or a = b. The carry bit signal is a 
high level on line 76. If a<b there is no carry and 
the level on line 76 is low. .If a^, b then the value of 
5 output from unit 56 directly represents the difference 
between the ADC and stored values. If, however, a<b, 
the output does not directly translate into the difference 
(negative) but with the aid of the carry level on line 76 
it is usable by the second unit 58. While the carry bit 
10 signal represents the sign of the difference, one level 
includes the zero difference condition, which is in any 
event immaterial because clearly there can be no exceeding 
of the set limit to be detected by the second arithmetic 
unit as will now be explained. 
15 The value or (a-b) representing the "difference" 

is applied to the a input of arithmetic unit 58. The carry 
level on line 76 is applied as a separate control signal 
to this unit whose function is to determine whether the 
magnitude of the difference entered at the b input of 
20 unit 55 exceeds a limit set by pre-settable device 59. 
If the difference magnitude exceeds the set limit 
the carry output c of unit 58 is high, a hole is indicated 
by logic 60 by combining such indication with a high carry 
level on line 76 from unit 56 and an inclusion is indicated 
25 by combining the indication with a low carry level from 
unit 56 on line 76. 

The operation of ALU2 is as follows. There are two 
cases : - 

(i) If the carry level on line 76 is high (a^b in 
30 ALU1), then if s represents the set limit, a simple 
subtraction is performed by unit 58: 
s - - s - (a - b) = (s + b) - a, 
where a and b refer to the values applied to ALU1. 
If s then the carry on line 78 is low (no defect) . 
35 If £ then the carry on line 78 is high which is 

the condition indicating a defect, i.e. the difference 
exceeds the limit s. 
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line 78s generating a cany output on 

8 + ^ = b + fa > b7 

If B ^ A then the carry on n«» , fl , , , 
If 8 < A then tt. ~ 7 18 l0W (n ° defect )- 

conation iJLt.TJZT* " llGe 78 18 Vhici *■ the 

^dicate a ho^ oT^^n ^ ^ *° ^^-Uy 

of tt. lo*ic Actions, mZteT^ T * md « rt -^ 
Agates will be D0 ^ i* e f! 1 7 ^ * Pr&Ctlce 

(his*) on line 78 is *** * »» ^ct-indicative 8ignal 

-pective input o/ a ^ " ^ ^ * * * 

o«~ ^ respecti ^ - 66 * 0M 

-gnal on line 7 6 C onI ^ 3115 iHV6rted c ^ 

a hole or inclu ; i0 ; « is r e 8alve , 

«it 56 as signalled tv th " ° f ""^tle 

output fTOm ^ 64 n l6Vel ° n »" 76. rnUE £ high 

indicates an inolueion. & * ^ ° UtpUt fr ° m »*« « 

«« sag., 64 M 66 m ^ t0 e ° sure 

-t eaO photo^L OPe^ati0 ' , •• " * — U- 

"itte^ iato ^ lefore value ie the, 

Tith^tie ^it, have " » »* 8 *»■ 

avai laMe t0 perfont ^ V '«> to «. Um 

that eaoh viae ""7? r* 11 ""- " »• 

step . ppllea to th. ire 50 IaBts 5 . 6 ^ s . 

sad Original A 
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Of this period V s is allowed for the analog-to-digital 
conversion. Consequently all regaining operations have to be 
timed within the last 1.6,. S 0 f the step period. To this 
end the .aster clock 71 Bay be run at a high rate, e.g. 5 or 
10 MHz, to achieve adequate resolution of the timing signals 
The strobe signal Bay be a high- level pulse of Bay 0.1 u S ' 
duration and consequently the hole or inclusion pulse, if 
generated, is only of that length. For subsequent processing 
the hole or/and inclusion pulses are stretched by the circuitry 
generally indicated at 90 on Figure 4B. 

Before considering Figure 4B in more detail, it 
vill be appreciated that the arithmetic and logic units 5 6 and 
56 and associated circuitry provide a means for comparing each 
new digital value derived from a given photo-detector with that 
derived from the same detector on the previous scan in order 
to ascertain whether the new value exceeds a .prescribed limit, plus 
or *inus, respect t0 the old yalue> Jtutmat pius Md 

minus limits could be utilised with two arithmetic units 5 8 
working with different preset values. m e following logic 
circuitry 60 is then adapted to the two units to select the 
respective hole and inclusion conditions. 

„ cc RefeiXinS DOW t0 Pi ^ e 4B. the outputs of MD-gates 
64 and 66 are applied to a pulse stretcher 92 which comprises 
respective mono 8 tables (e.g. type 55 6 devices) responsive to 
the short pulse outputs of the gates to stretch the hole and 

ulTtt: PUlB6S a dUratiMi ° f ^ S ' 351686 ***** - then 
94 L C6 ^ Cr088 " C ° UPled m ° n0StaWeB 74121 devices 

94 and 96, the cross-coupling being effected by Agates 9 8 and 100 
that receive the respective stretched hole and inclusion 
30 pulses. Each is thus dependent on the other monostable so 
that the gate 9 8 is inhibited to trigger hole monostable 94 
while the inclusion monostable 9 6 is active, i.e. -it is producing 
a pulse at its Q input; and vice versa. Each monostable 94 
and 96 produces a pulse of 22 mS. duration when triggered. 
»• reason for the cross-coupling is aB follows. 

Assume both monostables 94 and 96 are quiescent. A 
hole is detected and monostable 94 is triggered to produce 
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a 22 as. pulM, , ot . . „ , 

MM * _ . illclu8l011 ^ St ' M • * 18 i*- 
■ at the end „ f th. holei • *» * 

diode i. aeaumed to be 2.< M . , . — «" ° f • *>*- 

at leaat partly vith the „ca» «ea foH ! aeteCt,kly °° WaM 
<* 4.1 - at th. ^ urt Bpe . a • ~ 5 - 4 "■ *««* 1. • Period 
coincident for a longer p. rio * * ^ " P-U» 

*• W -U be acanned'at iL ^ TuT" " M *" 
"eld of view of the diode m T thr0 °* «» 

scans of that died, — ml . '" lu8 " ° f ■""••■iw 

-—«X. a. Itar CH TT 4 " * 52 ' 
the new 1 W value le u , a T°\Tl " P "" d 

— and ^c «J£lXZZ£ 17 S T * 

as an inclusion. a e , 44 WU1 ^etpret the fall 

— hie *. ». conv^eL 8 ~ ^ * 

at th, ena of detection o" ar. ilT * BPUrI< "" " 0le Ml ™ 

? — « - * are ^ — 

the process helng monitored s». v . ' ^"'re of 

" i. a fair action £ 

inhibition c...... * ft-dea-cribed 

Paaeed out of the fidd oi ^ ^fti * * ™ 
pertaining to that diode wn ' ^ address 

value, fro, the »eb. ** " * """^ 

Pulsea to 220 ^ ;r BtretChl1 * ^ h ° le - 

«S. on 1^ 10? ^ 1M 

for each camer a n^Z 44 - d ^ ^ P-ided 

anera. It will be appreciated that by orsaniai™ 
the meooiy on a sufficient organaaing 

Biuiicient acale, it oould cope with a 
scan across the three cameras with „ „• , S 

eraB Wlth a single unit of the - 
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arithmetic and logic circuitry and B0 on. However, the lesser 
circuitry required has to be balanced against the longer tiae 
per scan and the fact that a defect detected anywhere across 
th. web will blank cut all further detection for the period of 
moncstable 94 or *. to there is advantage in subdividing 
the web width into sections and scanning each individually. 
An inhibition on one section does not then affect the 
remainder. 

Mention has already been made of the overlap 
between the web sections scanned by the three cameras. 
A* appropriate overlap is, say, equivalent to three photo-diodes 
Assuming the cameras are scanning independently it can, of course 
occur that overlapping diodes will detect the same defect 
tnough the respective video signals will not be given 
simultaneously if, looking at Figure 1. the camera scans are 
synchronized to be moving simultaneously from right to left 
for example. The double signalling of the one event is 
not a problem in the present apparatus as will be made clearer 
hereinafter. It will be noted that those diodes imaged on 
the shades 34 vill not give "inclusion" indications since their 
normal light level will be appropriate to that condition. 
Smce each photo-diode effectively establishes its own reference 
variations in illumination across the web can be tolerated 
as can the inevitable tolerance in response among the diodes, 
of an array (specified at % in the array device quoted). 
General slow variations in conditions, say the light output 
of the source JO or 5 6, are also automatically taken into 
account in the values stored in memory 52. 

One circumstance in which a general variation is 
usefully indicated is that of "no web". It is desirable 
to prevent hole/inclusion indication not only when no web 
is present but importantly when the web may be irregular 
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on feed up of the paper-making tochlBfi w 
circuitry which inhibite oJT+« ^ 5 8hows 
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count clock pulBes for 220 mS. 

The control exercised over the gate 116 by the 
comparator 112 ensures that clock pulses are only counted Tor vi deo 
steps » excess of the reference. Consequently aa the photo-diode 
array Is scanned one clock pulse is registered for each diode 
receiving the high level. ^counter is arranged to produce an 
output on la* 122 upon reaching a preselected count value. This 
value must be reached within the timer period or else the counter 
will be reset. The preselected count value is chosen to be 
sufficiently high to exclude activation of line 122 by count 
values achieved by one or .ore photo-diodes for detecting a large 
over a n^ber of array scans. With the scanning parameter 
y ussed above, the counter 120 can be a three decade counter (e g 
5 of device type SN 74290 "i vi+h = j ^ 

"W°> ««> a decoder coupled to pulse the 
1-e 122 at the count value wMch vould be reached 

™ COmPlBte 8Can8 ° f a ^osid photo-diode 

array. value chosen is not especially critical. 

While a hole of any size may activate the timer, a 

20 a7^ 8UCh + h ° le ' " « ^ea not achieve 

20 a of icl ent count value before reset. !f the counter output ±B 

aerated it sets tvo set-reset type latches 12 4 and 126. 

latch 124 provides an output which is used 'for NO WEB signalling 

as will be described later. Th* i a +„v 

latrf, _ lat0b 126 cont « ) l8 the reset of ' 

. " *"* ^ ^ "* "*"»«*»' l«tol». the counter 120 
.ppl«. « input pulse t0 the ^ j of J*> 

3 0 connected to receive the ^ p^ees ^ J*"** 

-aft. the pulse to the second stage activate its output (f, to 
reset the ti»er fop re-triggering. V 

If the M> WEB condition haa oeaaed, the ti».r vill not 
he triggered, hut the shift register 150 „.n 

register 12B vail continue shifting for 

another six clock pulses until the applied pulse reache* tt . f ina i 
stage and activates its output which is connected to the 'reset 
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cential portion of the web. If made by camera 22a or 22c, it can 
be ascribed to one or other side portion. . The precise way the 
defect signals are used will depend on the particular web manufacture 
or other processing that is being undertaken. The part of the 
apparatus now to be discussed is therefore by way of an example and 
is applied to paper making. 

In Figure 5 the part 150 of the circuit is concerned with the 
use of the defect signals. By way of example we shall describe 
the individual signalling of holes using the longer pulses on line 
107 and the measuring of inclusion rate using the short pulses on 
line 104 of Figure 4B. The respective pairs of lines from the 
cameras are denoted 107a, 104a: 107b, 104b; and 107c, 104c in Figure 5. 
The signals on these lines are applied to respective AMD-gates, 
referenced 151 as a block, that receive in common the operational 
eignal on line 137 to only allow actuation of circuit 150 when this 
Bignal is present. We shall assume there is an operational 
condition bo that the gates are enabled to transmit the respective 
signals . It will be assumed that any hole is to be indicated 
i=edi£-:ely and to this end the pulses on lines 107a, t and c are 
UBed to activate any appropriate visual/aural indicators 152a, 152b 
and 152c visible to an operative attending the wind-up reel. Since 
the apparatus shortly precedes the wind-up reel, a warning indication 
refers to the web about to enter the reel and, for example, the 
operative can insert a coloured ticket in the reel at this point. 
The colour of the ticket selected is dependent on which indicator . 
142 is displaying so that it is known in which of the three longitudinal 
web sections the hole lies. These sections are commonly known as 
front, middle and back as seen from one side of the web. The 
indicators can be driven by manually resettable relays for which 
the 220 mS pulses are adequate to operate them and whose resets are 
indicated by R. For general quality control monitoring the hole 
pulseB may be gated to a counter 154 as shown or to separate counters 
if desired. 

Turning to inclusions, if it were required to individually 
indicate these the inclusion signals on the three lines 108 (Figure 4B) 
can be treated in the same manner as the hole eignalB on lines 107. 
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However, in addition to individually indicating inclusions it is 
more particularly required to monitor whether the inclusion rate 
exceeds a given limit. The inclusion rate is expressed as inclusions 
per unit area. It may *e more restrictively defined as inclusions 
5 exceeding a given size per unit area. The circuit now to be 
described provides this facility. 

In considering inclusion rate it will be recalled that the 
inclusion signals on line 108 are 22 mS pulses stretched from the 
short pulBes from monostable 92 in Figure 4B. The scan period of 

10 the cameras is 1.4 mS so that a first inclusion pulse may blank a 

substantial number of following pulses from monoBtable 92. In order 
to monitor inclusion rate it is therefore desirable to use the 
inclusion pulses from monostable 92 taken over line 104. Looking 
again at Figure 5 the inclusion pulses on the three lines 104a, b and 

15 c are applied via the inhibit circuit 151 to an OR-gate 155 from which 
the inclus-sn pulses are applied to an inclusion rate counter 156 
through a pre-settable scaling (divide-by-33) counter 157 whose scale 
factor (K) represents inclusion size. 

An inclusion obviously has dimensions both laterally and 

20 longitudinally of the web. The area of the inclusion can be 

represented by summing over the successive scans the number of diodes 
per scan affected by the inclusion. If laterally affected diodes 
in each scan are to be counted, then it iB necessary to use the short 
pulses from monostable 92. Upon a diode sensing an inclusion, it is 

25 also necessary to avoid the data at the memory address associated with 
that diode being up-dated to the inclusion level in that scan since 
once the relevant address is up-dated to the inclusion level no further 
detection of the inclusion in subsequent scans can occur at the memory 
addresB in question. To prevent up-dating the output of gate 155 is 

30 applied to the control circuit . 72 (Figure 4A) over line 60. The 

circuit responds to each short inclusion pulse to inhibit the setting 
of the "write" level on line 74 to the BAM 52 (Figure 4&) for the short 
period in which normally up-dating would take place at the memory 
address associated with the diode giving rise to the inclusion pulse. 

35 The data at the memory address iB frozen in its existing state so as 
to provide a reference for a possible further detection of the 
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inclusion at the same diode position on the next scan. As long as 
the inclusion is detected at the same diode position in successive 
scans, the data at the relevant memory address remains frozen so 
that all comparisons made by the arithmetic unit 56 are based on the 
5 memory value preceding initial detection of the inclusion. As 

Boon as a scan occurs at which the inclusion is no longer detected 
at the diode position in question, there is no inhibiting of the 
"write" level on line 74 and the relevant memory address is updated 
in that scan. The same operation occurs at any other individual 
10 diode position at which an inclusion is detected. It will be 

appreciated that in counting inclusion pulses from various diodes 
over a given area scanned it is the total inclusion area that is 
measured. 

In going from a no web to a web present condition, the fall 

15 in light level may be signalled as an inclusion at at least a 

substantial number of diode positions. Consequently the relevant 
memory addresses would be frozen indefinitely leading to erroneous 
inclusion signals as long as the normal web condition obtained. 
To ensure unfreezing of the frozen memory addresses in these 

20 circumstances, a reset signal is applied to the control circuit 72 

fron a timer 82 having its trigger input connected to the output 
of OK-gate 155 so that it is activated by an initial inclusion 
pulse. Timer 82 produces a pulse of predetermined duration that 
is applied to control circuit 72 over line 84. The control 

25 circuit 72 is responsive to the end of the timer pulse to cause all 

the memory addresBeB to be up-dated again before responding to any 
further pulse from gate 155. The timer pulse duration is chosen 
with regard to web-speed so as to ^uet exceed the duration of the 
longest inclusion expected. The end of the timer pulse also resets 

30 size counter 157 to ensure that the counter starts again from zero 
upon detection of a further inclusion pulBe. 

While the counter 157 is counting inclusion pulses, the 
counter 156 counts every Nth inclusion, where N is the scaling 
factor- of counter 157. The counter 156 has a reset input B that 

35 is activated per unit of given area of web run. To this end a 

tacho generator 15B is coupled to any appropriate roller in the web 
path to supply a signal representing web speed. ThiB signal is 
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applied to an amplifier 160 of pre-settable gain, the gain Betting 
being controlled by a multi-position switch device 162 set in 
accordance with the deckle (width) of the web so that the amplifier 
output signal represents area run per second. The amplifier output 
5 is taken to a voltage-to-frequency converter 164 and the frequency 
output applied to a pre-settable ring counter 166 which provides an 
output on line 158 for each unit area run as determined by the 
presetting of the counter. Line 158 is taken 4o the re-Bet of 
counter 156 so that the latter starts to count again for each set 
10 unit.area. The counter 156 has a decoder 170 connected to it so 

as to provide an output, e.g. activating aural/visual alarm 172, if 
the count value exceeds a certain value indicating too high an 
inclusion rate. The counter values per unit selected area run 
can be outputted on line 174 prior to reset for subsequent analysi B 
15 or for totaliBing over a given multiple of the unit area. 

The detection of inclusions in the manner described enables 
slime blemishes to be detected. They are detected as large 
inclusions and can be singled out by setting the scaling factor K 
appropriately high. 

It will be appreciated that the processing of hole and 
inclusion signals discussed above is by way of example. The 
processing can be adapted in accord with the material of the web 
being manufactured, the process of manufacture and the nature of 
the faults arising in it that need to be detected. 
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Claims 

1 . In a machine in which a web .is moved lengthwise 
along a predetermined path, apparatus for monitoring at least a 
portion of the web for defects comprising: 
5 a structure including an array of photo-detector 

devices responsive to the optical condition of the web at a zone 
along said path, said devices being arranged for monitoring 
respective areas of the web extending transversely of the path; 

a circuit into which said photo-detector devices 
10 are connected to develop a respective electrical signal representing 
the optical condition sensed by each photo-detector, said circuit 
including first meanB responsive to said signals to repetitively 
provide a sequence of corresponding signals in digital form, 
a memory device having a plurality of storage 
15 locations capable of storing a sequence of digital signals derived 
from the photo-detectors, 

comparison means coupled to Baid first means and to - 
said memoiy device for comparing the digital signal derived 
from each photo-detector in one sequence with the signal derived 
20 from the same photo-detector in a previous sequence as stored in 
the memory device and for indicating if the difference between the 
signals exceeds a prescribed licit; and 

control means coupled to the first means and the 
memory device for synchronizing the operation thereof 
25 to ensure digital signals relating to the same photo-detector 
are applied to the comparison means. 

2- Apparatus as claimed in Claim 1 in which said 
first means includes a scanning device coupled to said photo- 
JO detectors to produce a Baid sequence of signal b derived 

therefrom and the storage locations of said memory device being 
addressable, said control means acting to address the memory 
device in synchronism with the operation of the scanning 
device. 
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5. Apparatus ae claimed in Claim 2 in which the 
control means includes means for selectively coupling in a first 
condition the first means to said memory device for transferring 
successive digital signals into storage locations and selectively 
coupling in a second condition the memory device to a first input, 
of the comparison means, a second input of which is connected 
to receive the current digital signal from the first means, and the 
control means being operative to actuate the coupling means to said 
second condition to allow the current digital signal for a given 
photo-detector to be compared with its predecessor stored in the 
addressed storage location of the memory device and to then actuate 
the coupling means to said first condition to transfer the said 
current digital signal into that addressed storage location to 
replace the signal with which it was compared. 

4. Apparatus as claimed in Claim i in which said first 
means includes a respective integration arrangement associated with 
each photo-detector, a scanning device coupled to the integration 
arrangements successively to reset same to a predetermined state and to 
obtain from each integration arrangement, prior to said 
predetermined state being achieved, a signal representing the 
integrated response of the associated photcUetector to the 
optical condition since the previous re-setting. 

5- Apparatus as claimed in Claim 4 in which each 
photo-detector comprises a photo-diode and associated capacitance 
constituting the integration element of said associated integration 
arrangement whereby the capacitor charge is a function of the 
conductance of the photo-diode, each integration arrangement including 
a switch device controlled by the scanning device to charge the 
capacitance to a predetermined voltage upon re-setting the 
integration arrangement. 
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6. Apparatus aB claimed in Claim 5 in which the 
electrical Bignal representing the optical condition sensed by each 
photo-diode is developed from the re-charge current to the 
associated capacitance upon re-setting of the integration circuit. 

5 

7« Apparatus as claimed in Claim 1 in which said 
comparison means comprises a first arithmetic unit comparing the 
values represented by the two digital signals to provide a digital 
output signal representing the difference "between the values and . 

10 a signal indicative of the sign of the difference; and a second 

.arithmetic unit responsive to Baid difference output signal and to a 
present digital value to provide a signal indicative of the 
difference exceeding Baid present value; and logic means connected 
to the arithmetic units and responsive to said sign?-indicative 

15 signal and to said signal from the second unit to provide a 
defect-indicative signal when the difference between the' two 
values exceeds the prescribed limit in one sense. 

6. Apparatus as claimed in Claim 7 in which said logic 
20 means is operable to provide a defect-indicative signal when the 

difference between the two signals exceeds the prescribed limit in 
the other sense* 

9. Apparatus as claimed in Claim 6 in which said 
25 sign-indicative Bignal is a binary signal whose level indicates 
the sign and said signal from the second unit is a binary signal 
that iB at a first level when the said difference exceeds the 
prescribed limit, and said logic means includes first and second 
logic gates that provide respective defect-indicative signals when 
30 said signal from the second unit has said first level and the 

sign-indicative signal has one level or the other level respectively* 
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10. Apparatus aa claimed In any preceding claim 
further comprising a comparator responsive to the series of said 
respective electrical signals derived from the photo-detectors or 
the corresponding digital signals to provide an output signal for 
5 each such signal that exceeds a reference level or reference digital 
value, a gate controlled by the comparator output signal for 
transmitting dock pulses from the control means whenever a signal 
of the sequence exceeds the reference level or value, a counter 
connected to *. output of the gate to count clock pulses transmitted 
10 hereby; and a timer circuit controlling the operation of the counter, 
the tamer being triggered by the comparator output signal to enable 
the counter to count clock pulses for a preselected period; and 
means responsive to the count value exceeding a predetermined value 
to provide a signal indicating that no web is present. 
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11. Apparatus as claimed in Claim 10 in which the timer 
has a reset input signal coupled to the counter for resetting the 
txmer upon said predetermined count value being reached. 

20 12. Apparatus as claimed in Claim 11 in which the timer 

re-set input is coupled to the counter via a stage of a shift 
register whose input is connected to receive a pulse upon said 
predetexmined count value being achieved, said means for providing 
the "no web" indicative signal including a latch circuit set by^e 

25 predetermined count value being achieved and a gate for app l ving . 

a reset signal to the latch circuit, said gate having inputs' coupled 
to a 8taee of ^ Bhift that ^ a pwity ^ b ^ 

later than the aforementioned stage and to the timer output to 
allow the re-setting of the latch if the timer has not been 
30 re-triggered after re-setting. 
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13. Apparatus ae claimed in Claim 3 further comprising 

means responsive to the indication given by said comparison means 
to inhibit the transfer into the addressed storage location of the 
current digital signal for the photo-detector giving rise to the 
indication. 

H- Apparatus as claimed in Claim 13 comprising timer 

means responsive to such indication given by said comparison means 
to provide a signal after a predetermined interval for ensuring 
all the storage locations of the memory device are then up-dated 
with the current digital signals derived from the photo-detectors. 
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